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(54) Lateral hall element 



(57) A lateral Hall element includes a substrate (1 ), 
a first-conductivity type active layer (2) formed on the 
substrate, a first second-conductivity type semiconduc- 
tor layer (3) formed to surround the first-conductivity 
type active layer and formed to a depth to reach the sub- 
strate, a pair of first first-conductivity type semiconduc- 
tor layers (4-,, 4 2 ) of high impurity concentration selec- 
tively formed with a preset distance apart from each oth- 
er on the surface of the first-conductivity type active lay- 
er, current supply electrodes (5 lf 5 2 ) respectively 
formed on the pair of first first-conductivity type semi- 
conductor layers, a pair of second first-conductivity type 
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semiconductor layers (6-,, 6 2 ) of high impurity concen- 
tration formed with a preset distance apart from each 
other on the surface of the first-conductivity type active 
layer in position different from the first first-conductivity 
type semiconductor layers, sensor electrodes (7-,, 7 2 ) 
respectively formed on the pair of second first-conduc- 
tivity type semiconductor layers, and a plurality of sec- 
ond second-conductivity type semiconductor layers (8 1 
to 8 3 , 10-, to 10 3 ) formed on the surface of the first-con- 
ductivity type active layer in position different from the 
first and second first-conductivity type semiconductor 
layers. 
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Description 

This invention relates to a lateral Hall element. 

FIG. 1A is a top plan view of a conventional lateral Hall element having four terminals, and FIG. 1B is a cross 
5 sectional view taken along the line 1B-1B of the lateral Hall element shown in FIG. 1 A. FIG. 1C is a cross sectional 
view taken along the line 1C-1C of the lateral Hall element shown in FIG. 1A. As shown in FIGS. 1Ato 1C, an n-type 
active layer 2 is formed on a p*-type silicon substrate 1 . The active layer 2 is surrounded by a p-type layer 3 which is 
formed to such a depth as to reach the substrate 1 and thus the active layer is isolated from the other region. Further, 
a pair of n + -type layers 4-,, 4 2 are formed to face each other on the surface of the active layer 2. A current supply 
10 electrode 5-, is formed on the n + -type layer 4-,, and a current supply electrode 5 2 is formed on the n + -type layer 4^ A 
pair pf n + -type layers 6 1t 6 2 are formed to face each other on the surface of the active layer 2 in position different from 
the n + -type layers 4 V 4 2 , a sensor electrode 7 1 is formed on the n + -type layer 6 A , and a sensor electrode 7 2 is formed 
on the n + -type layer 62. 

If a current is caused to flow between the current supply electrodes 5-, and 5 2 to in parallel to the surface portion 

15 of the active layer 2 and a magnetic field is applied to the surface of the active layer 2 in a direction perpendicular to 
the currents, a Hall voltage V h is induced by the principle of Lorentz between the two sensor electrodes 7-, and 7 2 . 

The above lateral Hall element can be manufactured at a low cost by use of the planar technique which is a 
manufacturing method for integrated circuits since the terminals of the current supply electrodes and sensor electrodes 
are formed on the surface of the semiconductor layer. Further, in order to reduce an offset voltage occurring when ho 

20 magnetic field is present, a plurality of lateral Hall elements arranged with an inclination angle of 90 degrees with each 
other on the same substrate and the orthogonal connection for connecting the current supply electrodes and the sensor 
electrodes of the respective elements in parallel is used in some cases. When the orthogonal connection is applied, it 
is necessary to isolate the lateral Hall elements from each other, and the lateral Hall element shown in FIGS. 1 A to 1C 
has such a structure as to be extremely easily isolated from the other elements. 

25 Now, a case wherein a voltage V in is applied between the current supply electrodes 5-, and 5 2 of the above lateral 

Hall element is considered. FIGS. 2A to 2C are characteristic diagrams showing the potential distribution H^q on the 
cross section taken along the line 1 B-1B of FIG. 1 A, the potential distribution on the cross section taken along the 
line D-D of FIG. 1 A, and the width Wj of a depletion layer in the pn junction portion between the active layer 2 and the 
p-type layer 3 when V jn is set to 0, positive value and negative value, respectively. FIG. 2 A shows a case of V in = 0, 

30 FIG.-2B shows a case of V jn > 0, and FIG. 2C shows a case of V ln < 0. In order to prevent a current from flowing in the 
pn junction portion in the case of V in < 0, it is necessary to apply a negative bias voltage to the p-type layer 3. 

In the case of V }n = 0, a level of the potential 0 coincides with the Fermi level (F.L.) on the cross section taken 
along the line 1 B-1 B; 4* 1B is positive in the entire region, high in the nMype layers 4~, , 4 2 , 6 1 and low in the active layer 
' 2. On the cross section taken along the line D-D, F.L is lower than the potential 0 by an amount indicated by V R and 

35 *p D becomes lower than the F.L In this case, Wj is constant. 

In the case of V in > 0, F.L on the current supply electrode 5 2 side on the cross section taken along the line 1 B-1B 
becomes higher than the potential 0 by an amount indicated by V in , and M^b is higher than the F.L. in the entire region. 
For this reason, the width Wf of the depletion layer is widened by an amount corresponding to a rise of 'the' F.L. The" 
potential distribution NFq on the line D-D is the same as that in the case of V in = 0. 

40 In the case of V in < 0, the potential distribution and a variation in the width of the depletion layer are reversed with 

respect to those in the case of V in > 0: As is understood from FIGS. 2B and 2C, the depletion layer is widened when 
V jn is positive and narrowed when V in is negative. 

For example, a case wherein a voltage of -2 V is applied to the p-type layer 3 and a voltage of ±2 V is applied to 
the current supply electrode 5 is considered. If the width Wj of the depletion layer at the time of voltage 0 is 0.7 jim, 

45 Wj obtained when the voltage is applied greatly varies and is set to 1.79 um Further, the expansion of the depletion 
layer is also changed by the Hall voltage V h . In FIGS. 2A to 2C, variations in the width of the depletion layer of the pn 
junction portion between the active layer 2 and the p-type layer 3 are shown, but the width of the depletion layer of the 
pn junction portion between the substrate 1 and the active layer 2 is also changed since a bias voltage is applied to 
the pn junction portion between the substrate 1 and the active layer 2. Such a variation in the width of the depletion 

50 layer causes a variation in the width of the current path, that is, a variation in the resistance of the element, thereby 
~ causing a problem that the linearity between the Hall sensitivity and the magnetic field cannot be maintained. FIG. 3 
is a diagram showing a deviation in the Hall voltage V h from a reference line with respect to an input voltage by using 
a line connecting a point indicating the Hall voltage V h obtained when the input voltage is 1 V to an origin as the 
reference line in the lateral Hall element shown in FIGS. 1 A to 1C. As shown in FIG. 3, a deviation in the Hall voltage 

55 v h is rapidly increased in proportion to an increase in the input voltage. 

Further, when a voltage of ±2 V is applied and if the width of the element is set to approx. 1 00 jam, the resistance 
of the element varies by several %: 

In order to prevent the variation in the resistance, for example^ a method for forming a p-type layer on the surface 
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of part of the active layer 2 and feeding a voltage applied to the p^ype layer back to V jn or V h to reduce a variation in 
the width of the depletion layer is provided. However, with this method, it is necessary to use a complicated external 
circuit and there occurs a problem that it is impossible to respond to an extremely high-speed variation in the voltage V in . 
Further, when the lateral Hall element is used for detection of electric power of a watt-hour meter or the like, it 
s becomes necessary to alternately apply positive and negative voltages to a pair of current supply electrodes of one 
lateral Hall element since the electric power is an AC power. That is, the direction of a current flowing between the pair 
of current supply electrodes is changed according to the frequency of the AC power. Further, in a case where positive 
and negative voltages applied between the current supply electrodes are different in the absolute value, the extensions 
of depletion layers formed in the junction portions between the active layer and the substrate and element isolation 

10 region are changed at the time of application of positive and negative voltages, and therefore, the Hall characteristic 
is changed. That is, the dependencies of the Hall characteristic on the polarity of the voltage and on the absolute value 
of the voltage occur. In this case, it is considered to suppress the above influence by increasing the thickness of the 
active layer, but the current component contributing to the Hail voltage V h induced at this time is reduced and the Hall 
sensitivity is lowered. Further, when the thickness of the active layer is made extremely large, the element isolation 

15 diffusion becomes far from realistic and the side diffusion by the element isolation diffusion becomes larger to exert 
an influence on the precision of the pattern shape of the lateral Hall element. 

On the other hand, as a factor which determines the performance of the lateral Hall element, there is an offset 
voltage occurring when no magnetic field is present as described before. It is considered that the cause of generation 
of the offset voltage is the unbalance of a four-terminal bridge constructed by two current supply electrodes and two 

20 sensor electrodes in the lateral Hall element. For example, if the resistances between the current supply electrodes 
and the sensor electrodes are equal to each other, a voltage between the sensor electrodes becomes 0, but if the 
resistances are different from each other, a certain voltage occurs. It is well known in the art that a deviation in the 
resistances is caused by the dissymmetry of the current supply electrodes and the sensor electrodes or partial variation 
in the resistances by the piezo resistance effect occurring in the Si crystal by a stress applied to the lateral Hall element 

25 from the exterior. In order to suppress this type of offset voltage, various proposals have been made. The orthogonal 
connection is one of the effective methods. However, with this method, it is necessary to form a plurality of Hall elements 
and the offset voltage cannot be completely eliminated. It is difficult to directly adjust the offset voltage from the exterior 
once the offset voltage is generated. 

As described above, in the conventional lateral Hall element, the extensions of depletion layers from the substrate 

30 and element isolation region towards the active layer are varied to deteriorate the linearity of the Hall sensitivity and it 
is difficult to compensate for an offset voltage caused by a deviation in the resistances of the four-terminal bridge 
constructed by a pair of current supply electrodes and a pair of sensor electrodes. 

An object of this invention is to provide a lateral Hall element which is excellent in the linearity of the Hall sensitivity 
in comparison with the conventional lateral Hall element and which can adequately attain the offset compensation. 

35 in order to attain the above object, a lateral Hall element according to this invention comprises a substrate; a first- 

conductivity type active layer formed on the substrate; a first second-conductivity type semiconductor layer formed to 
surround the first-conductivity type active layer and formed to a depth to reach the substrate; a pair of first first-con- 
ductivity type semiconductor layers of high impurity concentration selectively formed with a preset distance apart from 
each other on the surface of the first-conductivity type active layer; current supply electrodes respectively formed on 

40 the pair of first first-conductivity type semiconductor layers; a pair of second first-conductivity type semiconductor layers 
of high impurity concentration formed with a preset distance apart from each other on the surface of the first-conductivity 
type active layer in position different from the first first-conductivity type semiconductor layers; sensor electrodes re- 
spectively formed on the pair of second first-conductivity type semiconductor layers; and a plurality of second second- 
conductivity type semiconductor layers formed on the surface of the first-conductivity type active layer in position dif- 

45 ferent from the first and second first-conductivity type semiconductor layers. 

The potentials of portions of the first-conductivity type active layer which lie around the second second-conductivity 
type semiconductor layers can be made substantially constant by respectively applying potentials to the plurality of 
second second-conductivity type semiconductor layers. Therefore, the width of the depletion layer extending from the 
first second-conductivity type semiconductor layer which is an element isolation region to the first-conductivity type 

50 active layer can be made independent from an input voltage and the linearity of the Hall sensitivity that is, the depend- 
ency of the Hall sensitivity on the input voltage can be maintained. 

Further, a second lateral Hall element according to this invention comprises a second-conductivity type substrate; 
a first-conductivity type active layer formed on the substrate; a second-conductivity type semiconductor layer formed 
to surround the first-conductivity type active layer and formed to a depth to reach the substrate; a pair of first first- 

55 conductivity type semiconductor layers of high impurity concentration selectively formed with a preset distance apart 
from each other on the surface of the first-conductivity type active layer; current supply electrodes respectively formed 
on the pair of first first-conductivity type semiconductor layers; a pair of second first-conductivity type semiconductor 
layers of high impurity concentration formed with a preset distance apart from each other on the surface of the first- 
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conductivity type active layer in position different from the first first -conductivity type semiconductor layer; sensor elec- 
trodes respectively formed on the pair of second first -conductivity type semiconductor layers; and a third first-conduc- 
tivity type semiconductor layer having a resistance lower than the first-conductivity type active layer and formed se- 
lectively or entirely between the first-conductivity type active layer and the substrate. 

5 The extension of the depletion layer from the substrate to the first-conductivity type active layer can be suppressed 

by forming the third first-conductivity type semiconductor layer having a resistance lower than the first-conductivity 
type active layer between the first-conductivity type active layer and the substrate and the dependency of the Hall 
sensitivity on the input voltage, the dependency of the offset voltage on the input voltage and the dependency of the 
input voltage on the polarity can be improved. 

10 Further, a third lateral Hall element according to this invention comprises a substrate; a first-conductivity type active 

layer formed on the substrate; a pair of first first-conductivity type semiconductor layers of high impurity concentration 
selectively formed with a preset distance apart from each other on the surface of the first-conductivity type active layer; 
current supply electrodes respectively formed on the pair of first first-conductivity type semiconductor layers; a pair of 
second first-conductivity type semiconductor layers of high impurity concentration formed with a preset distance apart 

is from each other on the surface of the first-conductivity type active layer in position different from the first first-conductivity 
type semiconductor layers; sensor electrodes respectively formed on the pair of second first-conductivity type semi- 
conductor layers; an element isolation layer formed to surround the first-conductivity type active layer and formed to 
a depth to reach the substrate; and an insulating film formed between the first-conductivity type active layer and the 
substrate. 

20 The element isolation layer is formed of an insulating material or a second second-conductivity type semiconductor 

layer, for example, Further, it is preferable to set the thickness of the first-conductivity type active layer in a range of 
0.5 to 9 \xrr\ and set the thickness of the insulating film in a range of 0.3 to 2 um 

The extension of the depletion layer from the substrate to the first-conductivity type active layer can be stably 
suppressed by forming the element isolation layer formed of an insulating material or a second-conductivity type sem- 

25 iconductor layer to surround the first-conductivity type active layer and forming a insulating film between the first- 
conductivity type active layer and the substrate. Therefore, the dependency of the Hall sensitivity on the input voltage, 
the dependency of the offset voltage on the input voltage and the dependency of the input voltage on the polarity can 
be improved. Further, preferable specific sensitivity can be obtained by setting the thickness of the first-conductivity 
type active layer in a range of 0^5 to g u,m. Also, the operation of a parasitic MO S transistor can be suppressed and 

3Q warping of the SOI wafer can be prevented by setting the thickness of the insulating film in a range of 0.3 to 2 urn 

Further, a fourth lateral Hall element according to this invention comprises a second-conductivity type substrate; 
a first-conductivity type active layer formed on the second-conductivity type substrate; a pair of first first-conductivity 
type semiconductor layers of high impurity concentration selectively formed with a preset distance apart from each 
other on the surface of the first-conductivity type active layer; current supply electrodes respectively formed on the pair 

35 of first first-conductivity type semiconductor layers; a pair of second first-conductivity type semiconductor layers of high 
impurity concentration formed with a preset distance apart from each other on the surface of the first-conductivity type 
active layer in position different from the first first-conductivity type semiconductor layers; sensor electrodes respectively 
formed oh the pair of second first-conductivity type semiconductor layers; a third first-conductivity type semiconductor 
layer formed between the first-conductivity type active layer and the second-conductivity type substrate; and a first 

40 second-conductivity type semiconductor layer having a resistance lower than the first-conductivity type active layer 
and selectively formed on the third first-conductivity type semiconductor layer; wherein a second second-conductivity 
type semiconductor layer is formed to surround the first and second first-conductivity type semiconductor layers and 
formed from the surface of the first-conductivity type active layer to a depth to reach the first second-conductivity type 
semiconductor layer. 

45 The extension of the depletion layer from the substrate to the first-conductivity type active layer can be suppressed 

by forming the first second-conductivity type semiconductor layer having a resistance lower than the first-conductivity 
type active layer and the second second-conductivity type semiconductor layer so as to surround a portion below the 
first-conductivity type active layer and the side surface thereof and forming all of the current supply electrodes and 
sensor electrodes on the surrounded portion of the first-conductivity type active layer with the first and second first-^ 

50 conductivity type semiconductor layers disposed therebetween. With this structure, the dependency of the Hall sensi- 
tivity on the input voltage can be improved as in the former case. x 

Further, a fifth lateral Hall element according to this invention comprises a substrate; a first-conductivity type active 
layer formed on the substrate; a pair of first first-conductivity type semiconductor layers of high impurity concentration 
selectively formed with a preset distance apart from each other on the surface of the first-conductivity type active layer; 

55 current supply electrodes respectively formed on the pair of first first-conductivity type semiconductor layers; a pair of 
second first-conductivity type semiconductor layers of high impurity concentration formed with a preset distance apart 
from each other on the surface of the first-conductivity type active layer in position different from the first first-conductivity 
type semiconductor layers; sensor electrodes respectively formed on the pair of second first-conductivity type serni- 
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conductor layers; a plurality of second-conductivity type semiconductor layers formed on the surface of the first-con- 
ductivity type active layer in position different from the first and second first-conductivity type semiconductor layers; 
gate electrodes respectively formed on the second-conductivity type semiconductor layers; an element isolation layer 
formed to surround the first-conductivity type active layer andformed to a depth to reach the substrate; and an insulating 

s film formed between the first-conductivity type active layer and the substrate. 

The second-conductivity type semiconductor layers are disposed in position apart from an intersection of a line 
connecting the centers of the pair of first first-conductivity type semiconductor layers and a line connecting the centers 
of the pair of second first-conductivity type semiconductor layers. More specifically, the second-conductivity type sem- 
iconductor layers are disposed in position apart from a line connecting the centers of the pair of first first-conductivity 

io type semiconductor layers and a line connecting the centers of the pair of second first-conductivity type semiconductor 
layers. 

In this case, by forming one or more second second-conductivity type semiconductor layers for constructing junc- 
tion gates on the surface of the first -conductivity type active layer and applying potentials to the second semiconductor 
layers, the depletion layer extends into the first-conductivity type active layer to change the current path so that adequate 

15 offset compensation can be attained in cooperation with the operation of suppressing the extension of the depletion 
layer from the substrate to the first-conductivity type active layer. 

It is preferable to set the thickness of the first-conductivity type active layer in a range of 3.5 to 6 ujti, and it is 
preferable to set the thickness of the second-conductivity type semiconductor layer to 1 jinn or less. Further, it is pref- 
erable to set a difference between the thickness of the first-conductivity type active layer and the thickness of the 

20 second-conductivity type semiconductor layer in a range of 2 to 5 urn. Further, the element isolation layer is formed of 
an insulating material or a second second-conductivity type semiconductor layer, for example. 

A lowering in the sensitivity can be prevented by setting the thickness of the first-conductivity type active layer in 
a range of 3.5 to 6 ujti and setting the thickness of the second-conductivity type semiconductor layer to 1 um or less. 
Further, a lowering in the specific sensitivity and degradation of the offset voltage adjusting function can be prevented 

25 by setting the difference between the thickness of the first-conductivity type active layer and the thickness of the second- 
conductivity type semiconductor layer in a range of 2 to 5 u.m and making an optimum element structure. 

Further, a sixth lateral Hall element according to this invention comprises a first-conductivity type substrate; a first- 
conductivity type active layer formed on the first-conductivity type substrate; a pair of first first-conductivity type serrn 
iconductor layers of high impurity concentration selectively formed with a preset distance apart from each other on the 

30 surface of the first-conductivity type active layer; current supply electrodes respectively formed on the pair of first first- 
conductivity type semiconductor layers; a pair of second first-conductivity type semiconductor layers of high impurity 
concentration formed with a preset distance apart from each other on the surface of the first-conductivity type active 
layer in position different from the first first-conductivity type semiconductor layers; sensor electrodes respectively 
formed on the pair of second first-conductivity type semiconductor layers; a first second-conductivity type semicon- 

35 ductor layer formed between the first-conductivity type active layer and the first-conductivity type substrate; and a 
second second-conductivity type semiconductor layer formed from the surface of the first-conductivity type active layer 
to a depth to reach the first second-conductivity type semiconductor layer to surround the first and second first-con- 
ductivity type semiconductor layers; wherein the thickness of the first second-conductivity type semiconductor layer is 
set in a range of 1 .5 to 3 um 

40 The semiconductor layer having the same conductivity type as the substrate and formed in contact with the first- 

conductivity type active layer can be omitted in the fourth lateral Hall element by using the first-conductivity type sub- 
strate. Further, the same effect as that of the fourth lateral Hall element according to this invention can be attained. 

A seventh lateral Hall element according to this invention has a gate insulation film formed on a portion of the first- 
conductivity type active layer which is surrounded by an element isolation layer in the third lateral Hall element according 

4$ to this invention; and a plurality of gate electrodes formed on the gate insulation film in position different from the current 
supply electrodes and the sensor electrodes. 

Thus, the same effect as that of the fifth lateral Hall element according to this invention can be attained by forming 
one or more MOS structures on the surface of the first-conductivity type active layer in the third lateral Hall element 
according to this invention and applying a potential to the gate terminal of the MOS structure. 

50 An eighth lateral Hall device according to this invention has four lateral Hall elements which are each constructed 

by the fifth or seventh lateral Hall element according to this invention, the lateral Hall elements are arranged with an 
inclination angle of 90 degrees with each other, corresponding ones of the current supply electrodes of the lateral Hall 
elements are connected in parallel in the orthogonal fashion, corresponding ones of the sensor electrodes of the lateral 
Hall elements are connected in parallel in the orthogonal fashion, and the gate electrodes of the lateral Hall elements 

55 are connected to each other in a desired manner. 

The degree and width of a variation of the offset voltage adjustment can be selected and further adequate offset 
compensation can be attained by connecting one pair of current supply electrodes and one pair of sensor electrodes 
of each of the fifth or seventh lateral Hall elements in parallel in the orthogonal fashion, selectively connecting the 
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second-conductivity type semiconductor layers or the gate electrodes to each other, and applying preset potentials 
thereto. 

A ninth lateral Hail element according to.this invention is a lateral Hall element which is constructed by the fifth or 
seventh lateral Hall element, and the lateral Hall element is used as a power detection element by passing a current 
5 -proportional to a voltage of a to-be-measured system between the pair of current supply electrodes, applying the 
magnetic field proportional to a current in the to-be-measured system, and outputting a Hall voltage proportional to the - 
product of the voltage and current in the to-be-measured system between the pair of sensor electrodes. 

The electric power of the to-be-measured system can be measured with high precision by using the fifth or seventh 
. lateral Hall element as a power detection element by utilizing the multiplication function of the voltage and current 
10 thereof. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 A is a top plan view of a conventional lateral Hall element; 
is FIG. 1 B is a cross sectional view of the lateral Hall element taken along the line 1 B-1 B of FIG. 1 A; 

F|G. 1 C is a cross sectional view of the lateral Hall element taken along the line 1 C-1 C of FIG. 1 A; 

FIG. 2A is a characteristic diagram of the lateral Hall element of FIG. 1 A when V IN = 0; 

FIG. 2B is a characteristic diagram of the lateral Hall element of FIG. 1 A when V )N > 0; 

FIG. 2C is a characteristic diagram of the lateral Hall element of FIG. 1 A when V, N < 0; - 
20 FIG/ 3 is a diagram indicating a deviation of the Hall voltage V h from the linearity in relation to an input voltage in 

the conventional lateral Hall element; 

FIG. 4A is a top plan view. of a lateral Hall element according to a first embodiment of this invention; 
FIG. 4B is a cross sectional view of the lateral Hall element taken along the line 4B-4B of FIG. 4A; 
FIG. 4C is a cross sectional view of the lateral Hall element taken along the line 4C-4C of FIG. 4A; 
2S FIG. 4D is a cross sectional view of the lateral Hall element taken along the line 4D-4D of FIG. 4A; 

FIG. 5 is a schematic diagram indicating the wiring for the electrodes in the lateral Hail element of the above 
embodiment; 

FIG. 6 A is a characteristic diagram of the lateral Hall element of the above embodiment when V, N = 0; 

FIG. 6 B is a characteristic diagram of the lateral Hall element of the above embodiment when V, N > 0; 
30 FIG. 6C is a characteristic diagram of the lateral Hall element of the above embodiment when V IN < 0; 

FIG. 7 is a top plan view of a lateral Hall element according to a second embodiment of this invention; 

FIG. 8A is a top plan view of a lateral Hall element according to a third embodiment of this invention; 

FIG. 8B is a cross sectional view of the lateral Hall element taken along the line SB^B of FIG. 8A; 

FIG. 9 is a cross sectional view of a lateral Hall element according to a fourth embodiment of this invention; 
35 FIG. 1 0A is a top plan view of a lateral Hall element according to a fifth embodiment of this invention; 

FIG. 1 0B is a cross sectional view of the lateral Hall element taken along the line 1 0B-1 0B of FIG. 1 0A; 

FIG. 11 A is atop plan view of a lateral Hall element according to a sixth embodiment of this invention;- 

FIG. 11B is a cross'sectional view of the lateral Hall element taken along the line 11 B-1 1 B of FIG: 11 A; 1 " 

FIG. 1 2 is a diagram indicating the relation between the input voltage and offset voltage of the lateral Hall element 
40 according to the above embodiment together with a comparison example; 

FIG. 1 3A is a top plan view showing a modification of the lateral Hall element of the above embodiment; 

FIG. 1 3B is a cross sectional view of the lateral Hall element taken along the line 1 3B-1 3B of FIG. 1 3A; 

FIG. 1 4 is a diagram indicating a variation in the specific sensitivity with respect to the thickness of the active layer 

of the lateral Hall element according to the above embodiment; 
45 FIG. 1 5A is a top plan view of a lateral Hall element according to a seventh embodiment of this invention; 

FIG. 15B is a cross sectional view of the lateral Hall element taken along the line 15B-15B of FIG. 15A; 

FIG. 16A is a top plan view showing a modification of the lateral Hall element according to the above embodiment; 

FIG. 16B is a cross sectional view of the lateral Hall element taken along the line 16B-16B of FIG. 16A; 

FIG. 1 7A is a top plan view of a lateral Hall element according to an eighth embodiment of this invention; 
50 FIG. 17B is a cross sectional view of the lateral Hall element taken along the line 17B-17B of FIG. 17A; 

FIG. 1 8A is a top plan view of a lateral Hall element according to a ninth embodiment of this invention; 

FIG. 18B is a cross sectional view of the lateral Hall element taken along the line 18B-18B of FIG. 18A; 
. FIG. 1 9 is a diagram showing the result of experiments obtained by adjusting the offset voltage by changing the 

gate voltage in the lateral Hall element according to the above embodiment; 
55 FIG. 20 is a diagram indicating the relation between the thickness of the active layer and the depth of the conduc- 

tivity type diffusion layer with respect to a variation in the specific sensitivity in the lateral Hall element according 

to the above embodiment; 

FIG. 21 is a diagram indicating a deviation of the Hall voltage V h from the linearity in relation to an input voltage 
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in the lateral Hall element according to the modification of the above embodiment; 

FIG. 22A is a top plan view showing a modification of the lateral Hall element according to the above embodiment; 
FIG. 22B is a cross sectional view of the lateral Hall element taken along the line 22B-22B of FIG. 22A; 
FIG. 23A is a top plan view of a lateral Hall element according to a tenth embodiment of this invention; 
5 FIG. 23B is a cross sectional view of the lateral Hall element taken along the line 23B-23B of FIG. 23A; 

FIG. 24 is a connection diagram of a lateral Hall device according to an eleventh embodiment of this invention 
which permits the adjustment of an offset voltage from the exterior by using four lateral Hall elements of FIGS. 
18 A, 18B and making an orthogonal connection; and 

FIG. 25 is a circuit diagram showing an example of a watt-hour meter by using any one of the lateral Hall elements 
10 of the above embodiments. 

There will now be described embodiments of this invention with reference to the accompanying drawings. 

(First Embodiment) 

15 

FIG. 4A is a top plan view of a lateral Hall element according to a first embodiment of this invention, and FIG. 4B 
is a cross sectional view of the lateral Hall element taken along the line 4B-4B of FIG. 4 A. FIG. 4C is a cross sectional 
view of the lateral Hall element taken along the line 4C-4C of FIG. 4A, and FIG. 4D is a cross sectional view of the 
lateral Hall element taken along the line 4D-4D of FIG. 4A. In FIGS. 4A to 4D, an n-type active layer 2 is formed on a 

20 p-type silicon substrate 1 . The active layer 2 is surrounded by a p-type layer 3 which is formed to such a depth as to 
reach the substrate 1 and thus the active layer is isolated from the other region. Further, a pair of n + -type layers 4-, , 4 2 
are formed to face each other on the surface of the active layer 2. A current supply electrode 5^ is formed on the n + - 
type layer 4 1f and a current supply electrode 5 2 is formed on the n + -type layer 4 2 . A pair of n + -type layers 6 1 , 6 2 are 
formed to face each other on the surface of the active layer 2 in position different from the n+-type layers 4 V 4 2 , a 

25 sensor electrode 7 1 is formed on the n + -type layer 6-,, and a sensor electrode 7 2 is formed on the n + -type layer 6 2 . 

Further, p-type layers 8-,, 8 2 , 8 3 are formed to such a depth as not to reach the substrate 1 and disposed in a row 
in position on the outer side with respect to the n + -type layer 6 2 . An electrode 9-, is formed on the p-type layer 8^ an 
electrode 9 2 is formed on the p-type layer 8 2> and an electrode 9 3 is formed on the p-type layer 8 3 . Likewise, p-type 
layers 10^ , 10 2 , 10 3 are formed in a row on the surface of the active layer 3 in position on the outer side with respect 

30 to the n+-type layer 6 A , and electrodes 1 1 1 , 1 1 1 , 1 1 3 are formed on the respective p-type layers. The p-type layers 8 1 
to 8 3 are arranged at adequate distances from the substrate 1 and the other p-type layers 8^ to 8 3 so that the depletion 
layers extending from the p-type layers 8-, to 8 3 will not be brought into contact with the substrate 1 or the other p-type 
layers 3, to8 3 . 

The ratio UW of the distance L between the current supply electrodes 5-, and 5 2 to the width W of the current 
35 supply electrode 5 is set to approx. 1 in order to make the Hall sensitivity maximum. Specifically, the width W and the 
distance L are approx. 120 |im and may be preferably set to approx. 10 to 1000 ujti. The reason is that an alignment 
error in the manufacturing process becomes large and a deviation amount of the offset voltage becomes large if the 
width W and the distance L are 10 um or less. Further if the width W and the distance L are larger than 1000 jim, the 
resistance of the element becomes smaller to increase the loss and the chip area becomes large. The dimensions of 
^0 the width W and the distance L of the current supply electrodes 5-,, 5 2 are commonly used in each of the second and 
succeeding embodiments. 

An example of the wiring between the electrodes of the lateral Hall element shown in FIGS. 4A to 4D is diagram- 
matically shown in FIG. 5. The current supply electrode 5-,, the electrodes 9-,, 9 2 , 9 3 , and the current supply electrode 
5 2 are connected to each other via resistors 12 v 12 2 , 12 3 , 12 4 of high resistance. Likewise, the current supply electrode 

45 5 1 ( the electrodes 1 1 1 , 1 1 2 , 1 1 3 , and the current supply electrode 5 2 are connected to each other via resistors 1 3 1 , 1 3 2 , 
13 3 , 13 4 of high resistance. Further, a variable power supply 14, is connected between the current supply electrode 
5 2 and the electrode 9 3 , and a variable power supply 14 2 is connected between the current supply electrode 5 2 and 
the electrode 1 1 3 . Further, a variable power supply 15 for supplying V h is connected between the current supply elec- 
trodes 5-| and 5 V A Hall voltage V h is detected by a voltmeter 16 connected between the sensor electrodes 7 V 7 2 . 

so FIGS. 6A to 6C are characteristic diagrams respectively showing the potential distribution on the cross section 

taken along the line 4B-4B of FIG. 4A, the potential distribution H 0 ^ on the cross section taken along the line 4C-4C 
of FIG. 4A and the width Wj of the depletion layer in the pn junction portion between the active layer 2 and the p-type 
layer 3 when a voltage V jn is applied between the current supply electrodes 5 1 and 5 2 of the above lateral Hall element. 
FIG. 6A shows a case wherein V in = 0, FIG. 6B shows a case wherein V in > 0, and FIG. 6C shows a case wherein V jn < 0. 

ss In the case of V jn = 0, 4^ becomes the same as shown in FIG. 2A, but in W 4C , the potential of the n-type 

layer 2 becomes higher than the potential 0 and the potentials of the p-type layers 8«, to 8 3 becomes tower than the 
potential 0. The depletion layers take shapes corresponding to the p-type layers 8, to 8 3 . 

In the case of V ln > 0, in both of M^g and H 1 ^, the FL. on the current supply electrode 5 2 side becomes higher 
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than. the potential 0 by V jn . At this time, the potentials of the p-type layers 8 1 to 8 3 rise in proportion to V ifV As a result, 
the width Wj of the depletion layer is widened on the current supply electrode 52 side but is narrowed on the current 
supply electrode 5 A side. Therefore, in this case, only the shape of the depletion layer in the case of V in = 0 varies, 
and the depletion layer is not substantially widened as a whole. An increase thereof is at most 2% for an application 
5 voltage of +2V. 

In the case of V jn < 0, the relation between the current supply electrode lying on the potential rising side and the 
other current supply electrode is reversed in comparison with the case of V jn > 0, and in this case, the depletion layer 
is not substantially widened as a whole. 

Therefore, the extension of the entire depletion layer along the cross sections taken along the lines 4B-4B and 

io 4C-4C becomes substantially independent from V jn . As a result, the resistance of the element is kept substantially 
unchanged and the linearity of the Hall sensitivity can be maintained. Further, in the above lateral Hall element, since 
potential differences can be applied between the electrodes 9 1t 9 2 , 9 3 and the electrodes 11 1 , 11 2 , 11 3 by use of the 
power supplies 14! and 14 2 , different values of Wjcan be set on the side of the electrodes 9 n to 9 3 and on the side of 
the electrodes 11, to.11 3 . Thus, an unbalanced voltage occurring between the sensor electrodes 7-, and 7 2 can be 

is canceled 

(Second Embodiment) 

FIG 7 is a top plan view of a lateral Hall element according to a second embodiment of this invention. In FIG. 7, 
20 portions which are the same as those of FIGS. 4A to 4D are denoted by the same reference numerals and this is 
applied 10 tho following drawings. The lateral Hall element is different from the lateral Hall element of FIGS. 4A to 4D 
in that eight p-typo layers 8., to 8 4 , MS^ to 10 4 are formed and eight electrodes 9^ to 9 4 , 11-, to 11 4 are respectively 
formed on thorn Still another different point is that the p-type layers 8-, to 8 4 , 10., to 10 4 and the electrodes 9 t to 9 4> 
11, to 1 1 4 arc not formed on the outer side of the sensor electrodes 7 1t 7 2 , but are formed in substantially the same 
25 row as the sensor electrodes 7 1( 7 2 between two current supply electrodes 5., and 5 2 ,-the electrodes 9 2 , 9 3 and the 
electrodos 11 2 11 3 are disposed to respectively surround half portions of the sensor electrodes 7 2 and 7 1 . 

In tho lateral Hall element, since the sensitivity is lowered if n + -type layers 6 V 6g are disposed in the current path, 
the sensitivity can be enhanced by using the structure shown in FIG. 7. 

30 (Third Embodiment) 

FIG 6 A is a top plan view of a lateral Hall element according to a third embodiment of this invention, and FIG. 8B 
is a cross sectional view of the lateral Hall element taken along the line 8B-8B of FIG. 8A. The lateral Hall element is 
different from the lateral Hall element of FIGS. 4A to 4D in that four p-type layers 17 1f 17 2 , 17 3 , 17 4 are formed in an 

35 area surrounded by the current supply electrodes 5 and the electrodes 9, 11 and electrodes 18 1( 18 2 , 18 3 , 18 4 are 
respectively formed on the p-type layers 17.,, 17 2 , 17 3 , 17 4 . Still another different point is that an nMype layer 19 is 
formed between the substrate 1 and the active layer 2. Since an influence by the depletion layer extending from the 
substrate 1 is exerted only "on the rr-type layer T9"and is not exerted on the active layer 2 due to the presence of the 
n" -type layer 19. the sensitivity of measurement can be made constant. 

40 in tho above lateral Hall element, the extension of the depletion layer in a direction perpendicular to the cross 

section taken along the line 8B-8B can be suppressed by setting the potentials of the current supply electrode 5,, 
electrodes 18,. 18 3 , electrodes 18 2 , 18 4 , and current supply electrode 5 2 to fixed values which become larger or smaller 
in this ordor 

The p-typo layers 17., to 17 4 are formed by diffusing impurity from the upper surface of the element, but when the 
45 diffusion depth t^ ate comes near the thickness t vG of the active layer 2, the sensitivity is lowered. Therefore, it is 
preferable to sot t^^ as small as possible and it may be set to 1 urn or less, for example. 

Further if the area of the p-type layers 17 t to 17 4 is large, the resistance of the element is made larger and the 
sensilivity thereof is lowered, and therefore, it is preferable to set the length Lq and the width W G of the electrodes 18 1 
to 18 4 on tho p-type layers 17., to 17 4 as small as possible in a range that formation of the electrodes 18, to 18 4 is 
50 effective Specifically, the length is set to approx. 30 um, and preferably 50 uxn or less and the width W Q is set to 
approx 30 urn, and preferably 50 u.m or less. 

Further, rf the thickness t VG of the active layer 2 is set to a value excessively larger than the diffusion depth of the 
- n + -typc layers 4,, 4 2 , 6 V 6 2 , a current component in the longitudinal direction which does not contribute to the Hall 
voltage V h is generated and the sensitivity is lowered, and therefore, it is preferably set to 3.5 to 6 um The fact that 
"it is preferable to set the diffusion depth tQ ate as small as possible, for example, to 1 urn or less, and it is preferable 
to set the thickness t VG of the active layer 2 to approx. 3.5 to 6 urn 0 is not limited to this embodiment and can be 
commonly applied to the other embodiments. 
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(Fourth Embodiment) 

FIG. 9 is a cross sectional view of a lateral Hall element according to a fourth embodiment of this invention and 
corresponding to the cross sectional view taken along the line 8B-8Bof FIG. 8A. The lateral Hall element is different 
s from the lateral Hall element of FIG. 8B in that a silicon oxide film 20 is formed between the substrate 1 and the active 
layer 2 instead of the nMype layer 1 9 of FIG. 8B as shown in FIG. 9. Since the active layer 2 can be electrically isolated 
from the substrate 1 due to the presence of the silicon oxide layer 20, an influence by the depletion layer extending 
from the substrate 1 on the active layer 2 can be almost completely eliminated: 

io (Fifth Embodiment) 

FIG. 1 0A is a top plan view of a lateral Hall element according to a fifth embodiment of this invention, and FIG. 
1 0B is a cross sectional view of the lateral Hall element taken along the line 10B-10B of FIG. 10A. The lateral Hall 
element has a substrate 1 (p type; resistivity : 2 to 6 Q-cm; thickness : approx. 625 urn), an active layer 2 (n type; 

15 resistivity : 1 .5 to 2.5 Q-cm; thickness : approx. 5 ujti) having a conductivity type opposite to that of the substrate 1 and 
formed on the substrate 1, and a semiconductor layer 19 (n type; resistivity : 0.001 £}• cm or less) having the same 
conductivity type as that of the active layer 2 and a resistance lower than that of the active layer 2 and selectively or 
entirely formed between the substrate 1 and the active layer 2. 

With the above structure, when a bias voltage is applied between the substrate 1 and the active layer 2, depletion 

20 layers extend on the substrate 1 side and the active layer 2 side, but extension of the depletion layer on the active 
layer 2 can be suppressed since the semiconductor layer 19 has a low resistance and a high impurity concentration 
of 10 20 cm -3 or less. Further, the linearity of various Hall characteristics such as the specific sensitivity, offset voltage, 
input resistance with respect to the input voltage can be improved and a variation in the Hall characteristic with respect 
to the polarity of the voltage applied to the pair of current supply electrodes 5 V 5 2 and the magnitudes thereof caused 

2S by an influence by the bias voltage applied between the substrate 1 and the active layer 2 can be suppressed. 

It is preferable to set the thickness of the semiconductor layer 1 9 to 0.5 to 3 u.m when taking it into consideration 
that it will suppress the extension of the depletion layer and suppress the side diffusion length at the time of formation. 
Fu rther, a two-layered structure of Si0 2 films 41 , 42 is formed on the active layer 2 and p-type layer 3, and it is preferable 
to set the thickness of the upper layer or Si0 2 film 41 to 3000 to 5000 u,m and set the thickness of the lower layer or 

30 Si0 2 film 42 to approx. 500 urn. 

(Sixth Embodiment) 

FIG. 11 A is a top plan view of a lateral Hall element according to a sixth embodiment of this invention, and FIG. 

35 11B is a cross sectional view of the lateral Hall element taken along the line 11B-11B of FIG. 11A. The lateral Hall 
element has an SOI substrate formed of a substrate 1 (p type; resistivity : 2 to 6 Q-cm), an active layer 2 (n type; 
resistivity : 1.5 to 2.5 Q-cm) and an insulating layer 21 (Si0 2 ) formed between the substrate 1 and the active layer 2. 
An element isolation layer 22 (width : 1 |im) can be formed of a pn junction isolation layer (p-type surfaca concentration : 
10 18 cm* 3 or less) or dielectric isolation layer by trench element isolatbn. The depletion layer does not extend into the 

40 active layer 2 at all due to the presence of the insulating layer 21 and a variation in the various Hall characteristics 
caused by the potential difference between the substrate 1 and the active layer 2 can be prevented. Further, when the 
element isolation layer 22 is formed by dielectric isolation, an influence of the depletion layer extending into the active 
layer 2 from the side surface can be prevented. It is preferable to set the thickness of the insulating layer 21 to 0.3 to 
2 u.m from the viewpoint of suppression of the operation of the parasitic transistor and prevention of warping of the SOI 

46 wafer. Further, when the element isolation layer is formed of a p-type layer 3 and formed by pn junction isolation as 
shown in FIG. 1 3B in the lateral Hall element shown in FIG. 1 3A, a guard ring layer 23 (p type) having a diffusion depth 
larger than the n+-type layers 4 1 , 4 2 , 6 1 , 6 2 (depth : approx. 0.5 u,m) for the current supply electrodes 5-, , 5 2 and sensor 
electrodes 7 1 , 7 2 may be formed to surround the current supply electrodes 5^ , 5 2 and sensor electrodes 7 V 7 2 in order 
to suppress the influence by extension of the depletion layer from the side surface as described before. It is necessary 

so to set the thickness of the guard ring layer 23 larger than half the depth of the active layer 2 in such a range that the 
guard ring layer will not reach the insulating layer 21. FIG. 12 is a diagram indicating the dependency of the offset 
voltage V off on the input voltage V in when the SOI substrate of the above embodiment is used. A variation in V off with 
a variation in V jn is extremely small in comparison with the case of the conventional structure and is suppressed to 1 
rhV or less. 

55 a variation in the specific sensitivity with respect to the thickness t VG of the active layer 2 is shown in FIG. 14. It 

is understood from FIG. 14 that the maximum specific sensitivity can be attained when the thickness t VQ of the active 
layer 2 is approx. 4 u.m. On the other hand, if the specific sensitivity is excessively low, noise cannot be distinguished 
and the resolution is lowered. Therefore, it is preferable to set the specific sensitivity to 6.5 mV/KG-V, and in this case, 
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the thickness t VG of the active layer 2 is 9 um or less. However, if the thickness t VQ is excessively small, the surface 
scattering of carriers occurs in the interface between the active layer 2 and the insulating layer 21 to lower the mobility 
and it is preferable to set the thickness t VG to 0.5 urn or more. 

5 (Seventh Embodiment) 

FIG. 15A is atop plan view of a lateral Hall element according to a seventh embodiment of this invention, and FIG. 
15B is a cross sectional view of the lateral Hall element taken along the line 15B-15B of FIG. 15A. The lateral Hall 
element has a substrate 1 (p type; resistivity : 2 to 6 ft-cm), a semiconductor layer 24 (n type; resistivity : 1 .5 to 2.5 

10 ft-cm; thickness : 1 .5 to 5 u.m) having a conductivity type opposite to that of the substrate 1 and formed by epitaxial 
growth on the substrate 1, a semiconductor layer 25 (p type; resistivity : 0.05 to 0.1 ft-cm; thickness : 0.5 to 3 urn) 
having the same conductivity type as that of the substrate 1 and selectively formed on the surface of the semiconductor 
layer 25, and an active layer 2 (n type; resistivity : 1 .5 to 2.5 £i-cm; thickness : approx. 5 |im) having a conductivity type 
opposite to that of the substrate 1 and formed by epitaxial growth on the semiconductor layers 24, 25. 

is Further, a guard ring layer 23 (p type; surface concentration : 10 18 cm -3 ) having the same conductivity type as that 

of the substrate 1 is selectively formed from the surface of the active layer 2 to reach the semiconductor layer 25 so 
as to surround n + -type layers A v 4 2 (n type; resistivity : 0.001 ft-cm) formed on the active layer 2 for a pair of current 
supply electrodes 5 V 5 2 and n + -type layers (n type; resistivity : 0.001 U-cm) for a pair of sensor electrodes 7 1 , 7 2 . With 
the above structure, variations in the various Hall characteristics caused by the influence of bias voltages applied 

20 between the substrate 1 and the active layer 2 and between the element isolation layer 3 and the active layer 2 can 
be suppressed as described before. If the substrate 1 is n type in the seventh embodiment, the semiconductor layer 
25 having the same conductivity type as that of the substrate 1 can be omitted as shown in FIGS. 16A, 16B: In this 
case, it is preferable that the semiconductor layer 24 is formed of p type, the resistivity thereof lies in a range of 1 .5 to 
2.5 um, and the thickness thereof is set in a range of 1 .5 to 3.0 u.m. 

25 

(Eighth Embodiment) 

FIG. 17A is a top plan view of a lateral Hall element according to an eighth embodiment of this invention, and FIG. 
17B is a cross sectional view of the lateral Hall element taken along the line 17B-17B of FIG. 17 A. This embodiment 
30 is so constructed that the resistance of the substrate 1 is made larger than that of the active layer 2 by two to four 
figures (the impurity concentration of the substrate is lowered and the resistivity thereof is set to 200 to 400 Q-cm) so 
as to permit the depletion layer to extend towards the substrate 1 side, thereby suppressing extension of the depletion 
layer towards the active layer 2 side. 

35 (Ninth Embodiment) 

FIG. 18A is a top plan view of a lateral Hall element according to a ninth embodiment of this invention, and FIG. 
18B is a cross sectional view of the lateral Hall element taken along the line 18B-18B of FIG. 18A. The element of this 
embodiment is so constructed that the offset voltage can be adjusted from the exterior. In an example of FIGS. 18A, 

40 18B, the element of the sixth embodiment (FIGS. 11 A, 11 B) is used. That is, one or more diffusion layers 26 (surface 
concentration : 10 18 cm" 3 or less; depth : 0.35 ujti) having a conductivity type different from that of the active layer 2 
are selectively formed from the surface of the active layer 2 in a portion of the active layer 2 which is disposed between 
a pair of current supply electrodes 5 1} 5 2 and a pair of sensor electrodes 7 V 7 2 and gate (electrode) terminals 27 are 
formed on the diffusion layers in addition to the structure of FIGS. 1 1 A, 1 1 B. 

*s With the above structure, when a voltage is applied to the gate terminal 27 from the exterior, the depletion layer 

extends into the active layer 2 to change the passage of a current flowing between the current supply electrodes 5 1 
and 5 2 , thus making it possible to adjust the offset voltage. In the lateral Hall element, it is necessary to correct a 
potential difference caused between a pair of sensor electrodes 7 V 7 2 by the dissymmetry of the resistances between 
the terminals of an equivalent four-terminal bridge constructed by a pair of current supply electrodes 5^ , 5 2 and a pair 

so of sensor electrodes 7 V 7 2 , and more specifically, it is necessary to arrange the gate terminals 27 in position deviated 
from the intersection (center of the active layer 2) of a line connecting the centers of the two current supply electrodes 
B v 5 2 and a line connecting the centers of the two sensor electrodes 7 1 , 7 2 . 

In this case, since the pattern of the lateral Hall element is not symmetrical, it becomes necessary to take a measure 
for suppressing the extension of the depletion layer towards the active layer 2 by a potential difference between the 

ss substrate 1 and the active layer 2 like the fifth to eighth embodiments. That is, even if a fixed potential is applied to the 
gate terminal 27, it cannot be effectively used by a variation of the depletion layer between the substrate 1 and the 
active layer 2. FIG. 1 9 shows the relation between the gate voltage applied to the gate terminal 27 and the adjusted 
offset voltage. The offset voltage can be easily changed by applying a potential to the gate terminal 27. According to 
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the data, the offset voltage can be adjusted at the rate of 0.8 mV/V. The thickness (t vo ) of the active layer 2 and the 
depth (t Gate ) of the diffusion layer 26 may be set to optimum values in relation to the Hall characteristic. For example, 
a preferable range of (t VG * t Gale ) is set to 3.5 to 6 u,m since it is preferable to set the specific sensitivity to 6.5 or more. 
That is. if the thickness t VG of the active layer 2 is extremely larger than the depth tQ ate of the diffusion layer 26, a 

5 current contributing to generation of the Hall voltage V h is reduced to lower the specific sensitivity and the function of 
adjusting the offset voltage by the gate voltage is considerably lowered. 

On the other hand, if the thickness t VG of the active layer 2 is extremely smaller than the depth of the diffusion 
layer 26 the passage of a Hall current is obstructed by the presence of the diffusion layer 26 so as to lower the specific 
sensitivity and increase the offset voltage. FIG. 20 is a diagram indicating a variation in the specific sensitivity with 

10 respect to a difference between the thickness of the active layer and the depth of the diffusion layer 26. According to 
FIG. 20, it is determined that the range of (t VG - t Gate ) which gives the specific sensitivity of 5 or more is set to 2 to 5 
urn When the value of (t VG - t Gale ) is 3.8 um the maximum specific sensitivity is obtained. In order to set the value of 
(*vg • l Gate) to 3 8 M- m > rt is preferable to set the t VG to 4.55 jam if t Gate is 0.75 ujti, for example. 

FIG 21 is a diagram indicating an amount of deviation of the Hall voltage V h from a straight line used as a reference 

is line and connecting a point of the Hall voltage V h obtained when the input voltage is 2 V to the origin in relation to the 
input voltage in the lateral Hall element shown in FIGS. 18A, 18B. As shown in FIG. 21, a deviation amount of the Hall 
voltage V h can be suppressed within 0.2% when the input voltage is in the range of 0 to 2 V. 

FIGS 22A. 22B show a modification of the ninth embodiment and indicate a lateral Hall element having four 
diffusion iHyers 26 Further, in the lateral Hall element, four gate terminals 27 are formed. 

20 un hko iho Interal Hall element having the two gate terminals 27 shown in Fl GS. 1 8 A, 1 8B, in the lateral Hall element 

of thit» rnodificrftion. a four-terminal bridge can be constructed and more stable and precise adjustment of the offset 
voltage can be attained. 

(Tenth Embodiment) 

2S 

FIG 23 A *s a top plan view of a lateral Hall element according to a tenth embodiment of this invention, and FIG. 
23B »s a cross sectional view of the lateral Hall element taken along the line 23B-23B of FIG. 23A. The lateral Hall 
element of this embodiment utilizes a MOS structure instead of the gate of the pn junction structure in the ninth em- 
bodiment m the system for adjusting the offset voltage from the exterior. That is, in the lateral Hall element of this 

30 embodiment tho. thickness of the active layer 2 is reduced to 1 ujti or less, the isolation technique using a LOCOS 
oxide film 28 is used for formation of the element isolation region, and one or more MOS structures are formed in the 
surface region of the active layer 2 which is disposed between a pair of current supply electrodes 5 1f 5 2 and a pair of 
sensor electrodes 7, , 7 2 to adjust the offset voltage from the exterior. In the MOS structure, a gate oxide film 29 with 
a film thickness of 10 hm and a gate electrode 30 of polysilicon gate are used. The active layer 2 is of n type, and the 

35 film thickness of a buried oxide film 31 is set to 0.5 urn. In this example, a negative potential is applied to the gate 
electrode 30 and a p channel is formed in the SiO^Si interface. Since the active layer 2 is thin, the current path can 
be easily changed and the offset voltage can be adjusted by applying a voltage to the gate electrode 30. 

(Eleventh Embodiment) 

40 

FIG 24 is a top plan view showing a lateral Hall device according to an eleventh embodiment of this invention. In 
this embodiment, four lateral Hall elements are disposed with an inclination angle of 90 degrees with each other, current 
supply electrodes 5,, 5 2 and sensor electrodes 7-, , 7 2 of the respective lateral Hall elements are connected in parallel 
in an orthogonal fashion, and the gate terminals 27 are connected in a desired manner so that a desired potential can 

45 be applied to the gate terminals and an offset voltage generated by the piezo resistance effect due to stress can be 
suppressed from the exterior. The offset voltage can be sufficiently adjusted by use of one gate terminal, but by com- 
bining the connections of a plurality of gate terminals 27, the degree and width of variations in the gate terminal voltage 
and offset voltage adjustment can be selected. In the example of the structure shown in FIG. 24, four lateral Hall 
elements each of which is the same as the lateral Hall element of FIGS. 18A, 18B (ninth embodiment) are used, two 

50 gate terminals 27 of the respective lateral Hall elements are connected in parallel and used as G 1 and G 2 terminals, 
respectively and the offset voltage can be adjusted by applying a voltage to the terminals from the exterior. The 
terminal is used to adjust the offset voltage in a positive voltage region and the G 2 terminal is used to adjust the negative 
offset voltage The lateral Hall element having the MOS gate structure of FIGS. 23A, 23B (tenth embodiment) can be 
applied to the lateral Hall device of this embodiment. 

55 

(Twelfth Embodiment) 

FIG 25 is a circuit diagram showing a domestic watt-hour meter according to a twelfth embodiment and having 
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one of the lateral Hall elements of the above embodiments mounted thereon. Specifically, the lateral Hall element 
shown in FIGS. 1 8A, 1 8B (ninth embodiment) having the gate terminals 27, for example, is used in FIG. 25. B indicates 
an application magnetic field which varies in proportion to a current in the to-be-measured system and is converted by 
means of a core or the like. T jn indicates a voltage input terminal used for inputting a voltage of the to-be-measured 
system and is normally applied with a voltage of AC 100 V. Resistors R 4 , R 5 constitute an attenuator which converts 
the voltage of the to-be-measured system to a voltage level suitable for the internal circuit of this device. A third oper- 
ational amplifier OP3 which acts as a buffer outputs a voltage which varies in proportion to the voltage of the to-be- 
measured system. The voltage V-, is an AC or DC voltage which will fluctuate. 

A first operational amplifier OP1 passes a current which varies in proportion to the voltage of the to-be-measure 
system between a pair of current input terminals 5-, , 5 2 , and specifically, it passes a current I-, expressed by the following 
equation (1) between the current supply electrodes 5 1 and 5 2 in the Hall element by outputting a voltage V 2 to the 
current supply electrode 5 2 to keep the potential of the current supply electrode 5, at 0. 



i,=v,/R n 



The output voltage V 2 of the first operational amplifier OP1 is expressed by the following equation (2). 



V 2 = »i * R in 



(1) 



(2) 



40 



where R in indicates a resistance of a portion of the Hall element which lies between the pair of current supply electrodes 
5i and 5 2 . A subtracter 32 multiplies a difference (V a - V b ) between Hall voltages occurring at a pair of sensor electrodes 
7-, , 7 2 in the lateral Hall element by k and outputs the result of multiplication to an output terminal T out . Since the voltage 
difference (V a - V b ) is a value which varies in proportion to the electric power of the to-be-measured system, the electric 
power of the to-be-measured system can be measured by reading the output voltage of the output terminal T out . An 
offset detector 33 detects offset voltages appearing at the sensor electrodes 7 1 , 7 2 and effects the feedback control 
for applying a compensation voltage to one of the gate terminals 27 to compensate for the offset. The offset detector 
33 and one of the gate terminals 27 which is connected to the offset detector constitute offset compensating means. 
In the Hall element of this embodiment, a bridge circuit is constructed by four equivalent resistors r a to r d> that is, an 
equivalent resistor r a between the current supply electrode 5-, and the sensor electrode 7 1f an equivalent resistor r b 
between the current supply electrode 5 1 and the sensor electrode 7 2 , an equivalent resistor r c between the sensor 
electrode 7-, and the current supply electrode 5 2 , and an equivalent resistor r d between the sensor electrode 7 2 and 
the current supply electrode 5^ and the offset adjustment can be effected by adjusting the resistance of the equivalent 
resistor r d of the bridge circuit. Further, in order to maintain the input resistance Rj n of the Hall element at a constant' 
value by changing the resistances of the equivalent resistor r c when the resistance of the equivalent resistor r d is varied 
by the offset compensating means to effect the offset compensation, input resistance control means is constructed by 
a second operational amplifier OP2, resistors Rg, R 3 and the other one of the gate terminals 27. Further, the resistance 
Rin is set at a fixed value in order to provide constant sensitivity. 

When the voltage V 1 is an AC voltage, a polarity switching unit 34 effects the negative feedback for the input of 
the second operational amplifier OP2 and it is constructed by a fourth operational amplifier OP4 acting as a comparator, 
inverter 35 and switches SWT to SW4. The polarity switching unit 34 controls the ON/OFF positions of the switches 
SW1 to SW4 according to the polarity of the voltage \A, as shown in the following table 1 to selectively connect the 
connection node between the resistors R 2 and R 3 to the inverting input terminal or non-inverting input terminal of the 
second operational amplifier OP2. 



45 



TABLE 1 





SW1 


SW2 


SW3 


SW4 


positive 


ON 


OFF 


OFF 


ON 


negative 


OFF 


ON 


ON 


OFF 



The second operational amplifier OP2 functions to maintain the resistance R in of the Hall element between the 
pair of current supply electrodes 5 n and 5 2 at a constant value, and specifically, it adjusts the width of the depletion 
layer in the active layer 2 by applying an output voltage to the other one of the gate terminals 27 to maintain the potential 
at the connection node between the resistors R 2 and R 3 at 0. Further, if the resistance R jn of the Hall element is 
controlled to a constant value by adjusting the width of the depletion layer, a current l 2 flowing in the resistors Rg, R 3 
is adjusted in the relation indicated by the following equation (3). 

I 2 = V 1 /R 2 = V 2 /R 3 (3) 

V 2 can be expressed by the following equation (4) by substituting the equation (1) into the equation (2). 
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V 2 = V 1 -R in /R 1 



The following equation (5) can be derived by eliminating V v V 2 from the equations (3) and (4). 



R in " R 1* R 3 /R 2 



(4) 



(5) 



That is, with the above construction, the input resistance control means constructed by the second operational 
amplifier OP2 controls the input resistance R in to a constant value as indicated by the following equation (5) irrespective 
of whether the voltage \A, is AC or DC. 

As a result, a fluctuation in the measurement sensitivity can be prevented even when the resistance of one equiv- 
alent resistor r c is varied to compensate for the offset voltage and suppress the offset voltage to 0. 



TABLE 2 



15 



20 



2$ 





error (%) 


Current [A] 


power factor 1.0 


power factor 0.5 


30 


0.00 


0.18 


15 


0.17 


0.40 


6 


0.51 


0.51 


3 


0.50 


0.76 


2 


0.64 


0.76 


1 


0.62 




characteristic value 


0.70 


0.58 



30 



The above table 2 indicates the current characteristic in a case where the lateral Hall element of this embodiment 
is mounted on a domestic watt-hour meter. The range of measurement current is 1 to 30 A. A result that the power 
measurement error is 0.7% when the powerfactor is 1 .0 can be obtained. As the lateral Hall element of this embodiment, 
the lateral Hall element having the MOS gate structure in FIGS. 23A, 23B (tenth embodiment) can be applied. 

The embodiments of this invention are explained above, but this invention is not limited to the above embodiments, 
and this invention can be variously modified without departing from the technical scope thereof. 



35 Claims 

1. A lateral Hall element comprising: 

a substrate (1); 

40 a first-conductivity type active layer (2) formed on said substrate; 

a first second-conductivity type semiconductor layer (3) formed to surround said first-conductivity type active 
layer and formed to a depth to reach said substrate; 

a pair of first first-conductivity type semiconductor layers (4j, 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
45 current supply electrodes (5-, , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 

layers; 

a pair of second first-conductivity type semiconductor layers (6 1 , 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 
50 sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 

layers; and 

a plurality of second second-conductivity type semiconductor layers (8 n to 8 3 , 1 0 n to 1 0 3 ) formed on the surface 
of said first-conductivity type active layer in position different from said first and second first-conductivity type 
semiconductor layers. 

55 

2. .A lateral Hall element comprising: 
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a second-conductivity type substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a second-conductivity type semiconductor layer (3) formed to surround said first-conductivity type active layer 
and formed to a depth to reach said substrate; 

a pair of first first-conductivity type semiconductor layers (4 1t 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5, , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6-,, 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layer; 

sensor electrodes (7 t , 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; and 

a third first-conductivity type semiconductor layer (19) having a resistance lower than the first-conductivity 
type active layer and formed selectively or entirely between said first-conductivity type active layer and said 
substrate. 

A lateral Hall element comprising: 

a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; . 

a pair of first first -conductivity type semiconductor layers (4-,, 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5 1 , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6 V 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

an element isolatbn layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach.said substrate; and 

an insulating film (21) formed between said first-conductivity type active layer and said substrate. 
A lateral Hall element comprising: 

a second-conductivity type substrate (1); 

a first-conductivity type active layer (2) formed on said second-conductivity type substrate; ~ 1 
a pair of first first-conductivity type semiconductor layers (4j, 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5 1 , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6 1 , 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

a third first-conductivity type semiconductor layer (24) formed between said first-conductivity type active layer 
and said second-conductivity type substrate; and 

a first second-conductivity type semiconductor layer (25) having a resistance lower than said first-conductivity 
type active layer and selectively formed on said third first-conductivity type semiconductor layer; 
wherein a second second-conductivity type semiconductor layer (23) is formed to surround said first and sec- 
ond first-conductivity type semiconductor layers and formed from the surface of said first-conductivity type 
active layer to a depth to reach said first second-conductivity type semiconductor layer. 

A lateral Hall element comprising: 

a substrate (1); 
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a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4^ 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5-, , 5 2 ) respectively formed on said pair of first first -conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6.,, 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7,, 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

a plurality of second-conductivity type semiconductor layers (26) formed on the surface of said first -conductivity 
type active layer in position different from said first and second first-conductivity type semiconductor layers; 
gate electrodes (27) respectively formed on said second-conductivity type semiconductor layers; 
an element isolatbn layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; and 

an insulating film (21 ) formed between said first-conductivity type active layer and said substrate. 
A lateral Hall element comprising: 
a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4 1 , 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5 A , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6-,, 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

a plurality of second-conductivity type semiconductor layers (26) formed on the surface of said first-conductivity 
type active layer in position different from said first and second first-conductivity type semiconductor layers; 
gate electrodes (27) respectively formed on said second-conductivity type semiconductor layers; 
an element isolation layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; and 

an insulating film (21 ) formed between said first-conductivity type active layer and said substrate; 
wherein said first-conductivity type active layer has a thickness ranging from 3.5 to 6 jim, and said second- 
conductivity type active layer has a thickness of 1 \jum at most. 

A lateral Hall element comprising: 

a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4^ 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5 t , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6 1t 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7^ 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; . 

an element isolation layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; and 

an insulating film (21 ) formed between said first-conductivity type active layer and said substrate; 
wherein said first-conductivity type active layer has a thickness ranging from 0.5 to 9 ujti. 

A lateral Hall element comprising: 
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a first-conductivity type substrate (1); 

a first-conductivity type active layer (2) formed on said first-conductivity type substrate; 
- a pair of first first-conductivity type semiconductor layers (4 1f 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5, , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6 1t 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7,, 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

a first second-conductivity type semiconductor layer (24) formed between said first-conductivity type active 
layer and said first-conductivity type substrate; and 

a second second-conductivity type semiconductor layer (23) formed from the surface of said first-conductivity 
type active layer to a depth to reach said first second-conductivity type semiconductor layer to surround said 
first and second first-conductivity type semiconductor layers; 

wherein said first second-conductivity type semiconductor layer has a thickness ranging from 1 .5 to 3 |irri. 

9. A lateral Hall element according to claim 3, characterized by further comprising a gate insulation film (29) formed 
on a portion of said first-conductivity type active layer which is surrounded by said element isolation layer (28); 
and a plurality of gate electrodes (27) formed on said gate insulation film in position different from said current 
supply electrodes and said sensor electrodes. 

10. A lateral Hall device comprising: 

four lateral Hall elements, each comprising: 

a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4,, 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first -conductivity type active layer; 
current supply electrodes (5 1 , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6-,, 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

a plurality of second-conductivity typesemiconductor layers (26) formed on the surface of said first^cbnductivity 
type active layer in position different from said first and second first-conductivity type semiconductor layers; 
gate electrodes (27) respectively formed on said second-conductivity type semiconductor layers; 
an element isolation layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; and 

an insulating film (21 ) formed between said first-conductivity type active layer and said substrate, 
wherein said lateral Hall elements are arranged with an inclination angle of 90 degrees with each other, cor- 
responding one of said current supply electrodes (5-, , 5 2 ) of said lateral Hall elements are connected in parallel 
in an orthogonal fashion, corresponding ones of said sensor electrodes (7 1( 7 2 ) of said lateral Hall elements 
are connected in parallel in an orthogonal fashion, and said gate electrodes (27) of said lateral Hall elements 
are connected in a desired fashion. 

11. A lateral Hall device comprising: 

four lateral Hall elements, each comprising: 

a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4 lf 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; . 
current supply electrodes (5 n , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; ^ 
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a pair of second first-conductivity type semiconductor layers (6 1f 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

an element isolation layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; 

an insulating film (21) formed between said first -conductivity type active layer and said substrate; 

a gate insulation film (29) formed on a portion of said first-conductivity type active layer which is surrounded 

by said element isolation layer (28); and 

a plurality of gate electrodes (27) formed on said gate insulation film in position different from said current 
supply electrodes and said sensor electrodes, 

wherein said lateral Hall elements are arranged with an inclination angle of 90 degrees with each other, cor- 
responding ones of said current supply electrodes (5, , 5 a ) of said lateral Hall elements are connected in parallel 
in an orthogonal fashion, corresponding ones of said sensor electrodes (7-,, 7 2 ) of said lateral Hall elements 
are connected in parallel in an orthogonal fashion, and said gate electrodes (27) of said lateral Hall elements 
are connected in a desired fashion. 

12. A lateral Hall element comprising: 

a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4 t , 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first -conductivity type active layer; 
current supply electrodes (5 1 , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6-, , 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position, 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7^ 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

a plurality of second-conductivity type semiconductor layers (26) formed on the surface of said first-conductivity 
type active layer in position different from said first and second first-conductivity type semiconductor layers; 
gate electrodes (27) respectively formed on said second-conductivity type semiconductor layers; 
an element isolation layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; and 

an insulating film (21) formed between said first-conductivity type active layer and said substrate, 
wherein said lateral -Hall element is used as a power detection element by passing a current which is propor- 
tional to a voltage of a to-be-measured system between said pair of current supply electrodes, applying a 
magnetic field proportional to a current of the to-be- measured system, and deriving a Hall voltage proportional 
to the product of the voltage and current of the to-be-measured system between said pair of sensor electrodes. 

13. A lateral Hall element comprising: 

a substrate (1); 

a first-conductivity type active layer (2) formed on said substrate; 

a pair of first first-conductivity type semiconductor layers (4,, 4 2 ) of high impurity concentration selectively 
formed with a preset distance apart from each other on the surface of said first-conductivity type active layer; 
current supply electrodes (5, , 5 2 ) respectively formed on said pair of first first-conductivity type semiconductor 
layers; 

a pair of second first-conductivity type semiconductor layers (6-,, 6 2 ) of high impurity concentration formed 
with a preset distance apart from each other on the surface of said first-conductivity type active layer in position 
different from said first first-conductivity type semiconductor layers; 

sensor electrodes (7 V 7 2 ) respectively formed on said pair of second first-conductivity type semiconductor 
layers; 

an element isolation layer (22) formed to surround said first-conductivity type active layer and formed to a 
depth to reach said substrate; 

an insulating film (21) formed between said first-conductivity type active layer and said substrate; 
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a gate insulation film (29) formed on a portion of said first-conductivity type active layer which is surrounded 
by said element isolation layer (2B); and 

a plurality of gate electrodes (27) formed on said gate insulation film in position different from said current 
supply electrodes and said sensor electrodes, 
5 wherein said lateral Hall element is used as a power detection element by passing a current which is propor- 

tional to a voltage of a to-be-measured system between said pair of current supply electrodes, applying a 
magnetic field proportional to a current of the to-be-measured system, and deriving a Hall voltage proportional 
to the product of the voltage and current of the to-be-measured system between said pair of sensor electrodes. 

10 14. A lateral Hall element according to claim 5, characterized in that a difference between a thickness of said first- 
conductivity type active layer (2) and a thickness of said second-conductivity semiconductor layer (26) lies in a 
range of 2 to 5 urn. 

15. A lateral Hall element according to claim 3, characterized in that said insulating film (21 ) has a thickness ranging 
is from 0.3 to 2 fim. 

16. A lateral Hall element according to claim 5, characterized in that said second-conductivity type semiconductor 
layers (26) are formed in position different from the intersection of a line connecting the centers of said pair of first 
first-conductivity type semiconductor layers (4^ 4 2 ) and a line connecting the centers of said pair of second first- 

20 conductivity type semiconductor layers (6-, , 6 2 ). 

17. A lateral Hall element according to claim 5, characterized in that said second-conductivity type semiconductor 
layers (26) are formed in position deviated from a line connecting said pair of first first-conductivity type semicon- 
ductor layers (4 1 , 4%) to each other. 

25 

18. A lateral Hall element according to claim 5, characterized in that said second-conductivity type semiconductor 
layers (26) are formed in position deviated from a line connecting the centers of said pair of second first-conductivity - 
type semiconductor layers (6-, , 6 2 ). 

30 19. A lateral Hall element according to claim 5, characterized in that said element isolation layer is formed of an insu- 
lating material or said second second-conductivity type semiconductor layer. . 

20. A lateral Hall element according to claim 3, characterized in that said element isolation layer is formed of an insu- 
lating material or said second second-conductivity type semiconductor layer. 

35 
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(54) Lateral hall element 



(57) A lateral Hall element includes a substrate (1 ), 
a first-conductivity type active layer (2) formed on the 
substrate, a first second-conductivity type semiconduc- 
tor layer (3) formed to surround the first-conductivity 
type active layer and formed to a depth to reach the sub- 
strate, a pair of first first-conductivity type semiconduc- 
tor layers (4-,, 4 2 ) of high impurity concentration selec- 
tively formed with a preset distance apart from each oth- 
er on the surface of the first -conductivity type active lay- 
er, current supply electrodes (5 V 5 2 ) respectively 
formed on the pair of first first-conductivity type semi- 
conductor layers, a pair of second first-conductivity type 
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semiconductor layers (6-,, 6 2 ) of high impurity concen- 
tration formed with a preset distance apart from each 
other on the surface of the first-conductivity type active 
layer in position different from the first first-conductivity 
type semiconductor layers, sensor electrodes (7 V 7 2 ) 
respectively formed oh the pair of second first-conduc- 
tivity type semiconductor layers, and a plurality of sec- 
ond second-conductivity type semiconductor layers (8-, 
to 8 3 , 10-, to 10 3 ) formed on the surface of the first-con- 
ductivity type active layer in position different from the 
first and second first-conductivity type semiconductor 
layers. 
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